INTRODUCTION 2 . WAVE FUNCTIONS AND ENERGY LEVELS There have been a number of recent experimental s t u d i e s of t r a n s i t i o n s i n members of t h e s i l i c o n i s o -e l e c t r o n i c sequence 11-72. corresponding t h e o r e t i c a l s t u d i e s have concentra-
ted on t r a n s i t i o n s of the form 3~~3~~ -3s3p3. Aymar 1 8 1 used a parametric p o t e n t i a l including s p i n -o r b i t i n t e r a c t i o n s to i n v e s t i g a t e the 3~e -3~0 , 3~0 t r a n s i t i o n s f o r S i I through Ca V I I . Even though the number of configurations was small, the same c a n c e l l a t i o n e f f e c t s were evident a s were found by Beck and Sinanoglu 19,101
with t h e i r more e l a b o r a t e NCMET p r e s c r i p t i o n . The c a n c e l l a t i o n i s due to major configuration i n t e r a -2 2 c r i o n (C.I.) between 3s3p3 and 3s 3p3d (and 3s 3p 4 s f o r 3~0 , though t o a Lesser e x t e n t ) .
Nussbaumer [ll] , i n a study of the iso-electronic Fe XII1,has pointed out the dangers of limited C. I. i n such s i t u a t i o n s . For example, the inclusion of t h e configuration 3~3~3 d ' r e s u l t s i n a s u b s t a n t i a l change (even of s i g n ) i n t h e expansion c o e f f i c i e n t s of the dominant configurations, even though i t s own c o e f f i c i e n t i s an order of magnitude smaller. The purpose of t h i s paper i s t o extend the NCMET c a l c u l a t i o n by the inclusion Because of the a n t i c i p a t e d C . I . between t h e low-lying excited s t a t e l e v e l s , we considered i t necessary to obtain a s good a representation a s p o s~i b l e of these a s well a s of the ground s t a t e .
The type of c a l c u l a t i o n i s s i m i l a r t o t h a t employed e a r l i e r [12,13] i n which the r a d i a l functions P a r e a n a l y t i c f i n i t e sums of Slater-type n t o r b i t a l s . The ls,Zs,2p,3s,3p functions were chosen a s the HF functions of the ground 3~e s t a t e [14] , while the remaining functions contain precise l y (n-1) b a s i s functions s o t h a t the orthonorma l i t y i n t e g r a l s determine the b a s i s c o e f f i c i e n t s i n each case. This e s s e n t i a l l y leaves the exponents of the S l a t e r functions a s parameters which may be varied.
The 3d function was varied t o optimize t h e important 3s -3d c o r r e l a t i o n i n the ground 2 s t a t e . The 3s 3p3d s t a t e was then represented by 2 2 a combination of 3s 3p3d and 3s 3p4d, with t h e 4d exponents being optimized on the c o r r e c t eigenvalue i n a C I expansion, including where appropri-2 a t e 3~3~~ and 3s 3p4s. The 4s function was optimized on the eigenvalue dominated by the 2 configuration 3s 3~4 s . The n-values of our r a d i a l of a l l -e x t e r n a l c o r r e l a t i o n , within an L-S framefunctions therefore do not n e c e s s a r i l y have work, and t o present t h e o r e t i c a l values f o r spectroscopic significance. t r a n s i t i o n s previously considered only by experimIn a d d i t i o n , we determined a 5d function e n t a l techniques. 
i o n 3d of t h e ground s t a t e i s d i f f e r e n t from t h e e x c i t e d s t a t e ' s s p e c t r o s c o p i c 3d ( r e p r e s e n t e d i n o u r c a l c u l a t i o n s by a combination of our 3d and 4d f u n c t i o n s ) , s o t h e 3p f u n c t i o n s o f t h e s t a t e s a r e
n o t i d e n t i c a l . We determined t h e 4p f u n c t i o n a s a c o r r e c t i o n t o t h e 3p f o r t h e e x c i t e d s t a t e s .
F i n a l l y , we determined 5 s and 5p f u n c t i o n s t o o p t i m i z e t h e M-shell c o r r e l a t i o n of t h e ground s t a t e . We found l i t t l e d i f f e r e n c e between t h e s e t s of r a d i a l f u n c t i o n s f o r t h e 3~0 and 3~0 s t a t e s , and f o r t h e f i n a l c a l c u l a t i o n s we used t h e same s e t o f f u n c t i o n s f o r a l l s t a t e s .
The energy s p l i t t i n g s between t h e ground s t a t e and t h e 3~3~~ 3~0 , 3~0 and 3~~3~4 s 3~0 s t a t e s were i n g e n e r a l l y good agreement w i t h experimental s p l i t t i n g s a s may be s e e n from Table  2 I. The 3 s 3p3d s t a t e s were c o n s i s t e n t l y h i g h e r than experiment, by s e v e r a l thousand cm-l,
a l t h o u g h t h e o r d e r of t h e m u l t i p l e t s a r i s i n g from
t h e c o n f i g u r a t i o n was c o r r e c t . I t i s n o t c l e a r t o u
s why t h i s should be. R e l a t i v i s t i c e f f e c t s a r e l i k e l y t o be important h e r e ( s e e l a t e r ) a l t h o u g h t h e f i n e s t r u c t u r e s p l i t t i n g of t h e s t a t e s involved i s a t most a few hundred cm-I. It i s p o s s i b l e t h a t an important c o n f i g u r a t i o n has been omitted
(though we have been c a r e f u l t o check t h e s e ) o r t h a t f u r t h e r r e f i n e m e n t s i n t h e r a d i a l f u n c t i o n s a r e needed. For S i I and P 11, t h e d i f f e r e n t s t a t e s a r e w e l l s e p a r a t e d . However, f o r S 111, t h e 3p4s 3~0 and 3p3d 3~0 s t a t e s l i e c l o s e together, and t h e e r r o r i n t h e l a t t e r r e s u l t s i n our c a l c u l at i o n p l a c i n g them i n t h e wrong o r d e r . The i n t e r a c t i o n between them, which is s u b s t a n t i a l , could w e l l be wrong.
OSCILLATOR STRENGTHS One of t h e m o t i v a t i o n s of t h i s work was t h e f -v a l u e o b t a i n e d by L i v i n g s t o n et a l . (11 f o r t h e 3s23p2 3~ -3~3~~ 3~ t r a n s i t i o n i n P 11. The l i f e t i m e i s twice a s long a s t h a t o b t a i n e d
p r e v i o u s l y 12,153. The e a r l i e r v a l u e s had. been confirmed by NCMET c a l c u l a t i o n s 191; we wished t o s e e i f a l l -e x t e r n a l c o r r e l a t i o n had t h e e f f e c t o f reducing t h e f-value. The r e s u l t shown i n Table I r e p r e s e n t s c o r r e l a t i o n o n l y w i t h i n t h e M-shell, Sinanoglu and Beck L103 Dumont e t a l . 173
b u t t h e v a l u e i s below t h a t o f NCMET, and i s , i n f a c t , i n v e r y good agreement w i t h t h e r e l a t i v e l y s i m p l e c a l c u l a t i o n of Aymar (81. That t h i s i s t r u e a l s o f o r S I11 s u g g e s t s t h a t h e r v
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JOURNAL DE PHYSIQUE i s , however, d i f f i c u l t t o p l a c e any r e l i a n c e on more than t h e f i r s t s i g n i f i c a n t f i g u r e f o r such t r a n s i t i o n s . We performed a c a l c u l a t i o n which was e s s e n t i a l l y NCMET i n s t y l e b u t i n c l u d i n g 4 s i n t h e HF s e a . The l e n g t h and v e l o c i t y v a l u e s f o r P I1
were 0.017 and 0.021 f o r t h e lowest t r a n s i t i o n , w h i l e t h e v a l u e s f o r t h e t r a n s i change such r e s u l t s . We have made some prelimina r y i n v e s t i g a t i o n s i n t h i s d i r e c t i o n f o r P 11.
We f i n d v e r y l i t t l e m u l t i p l e t i n t e r a c t i o n s f o r t h e same J i n t h e 3~3~~ s t a t e s (though t h i s s i t u a t i o n does n o t o b t a i n f o r higher members of t h e sequence ell]). There i s o n l y a s m a l l i n t e r a c t i o n between 1 t h e 3p4s 3~1 and PI s t a t e s , and i n view of t h e l a c k of l a r g e c a n c e l l a t i o n e f f e c t s i n t r a n s i t i o n s i n v o l v i n g t h i s 3~ s t a t e we do n o t f e e l t h e i n c l u s i o n of r e l a t i v i s t i c e f f e c t s would be important. Accordingly, f o r t h e f i r s t t h r e e t r a n s i t i o n s d i s p l a y e d i n Table I, we b e l i e v e t h a t L-S coupling g i v e s a s a t i s f a c t o r y r e p r e s e n t a t i o n of 2 t h e s t a t e s involved, e x c e p t p o s s i b l y f o r 3 p3p4s i n S 111. between 3p4s and 3p4d, our f -v a l u e i s i n agreement Major C.I. a r i s e s i n t h e 3p3d s t a t e s due w i t h r e c e n t experiment 1 7 3 . 3 3 t o r e l a t i v i s t i c e f f e c t s . I n i n i t i a l , r a t h e r
The P -D t r a n s i t i o n s were n o t simple c a l c u l a t i o n s , we ha...) n o t found any pursued much beyond t h e NCMET l e v e l . Our 3 improvement i n t h e p o s i t i o n s of t h e 3p3d s t a t e s a s c a l c u l a t i o n of 3 .~~3~~ -3s3p confirms t h e e a r l i e r a r e s u l t o f r e l a t i v i s t i c e f f e c t s . The major r e s u l t of Sinanoglu and Beck [101.
The 3p2 -3p3d t h e o r e t i c a l d i f f i c u l t y i s t h a t of r e p r e s e n t i n g o s c i l l a t o r s t r e n g t h appears i n f a i r l y good a c c u r a t e l y t h e small s p l i t t i n g between t h e 3p3d, 3 agreement w i t h t h e experimental work of Livingston 3p and levels, which is required for the 
